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EETELIT e Ty Ko ) o [Xe:1Y/=08 Many international studies have been done in order to trace the intellectual

path of students in manipulation with the concept of variables and algebraic expressions, as well as to
examine and specify their functional problems. However, despite the importance of these two concepts,
comprehensive research has not been conducted in the seventh, eighth and ninth grades in Iran, and
research has often focused on how to manipulate and write algebraic expressions. Due to the change in
Iran's mathematics curriculum in 2009 and the consequent change in mathematics text-books, the need
for a clear picture of students' understanding of these two con-cepts is doubled.Algebraic expressions
are the important part of Algebra and its deep understanding is necessory for solving algebraic problems.
The purpose of this study was to investigate grade 7th, 8th and 9th students' understanding of algebraic
expressions.

M 400 students were selected by multistage cluster sampling from 7th , 8th and 9th grade
students in Tehran. A researcher-made test was designed and implemented. Out of 400 students, 15
students were selected and semi-structured interviews were conducted in order to clarify and interpret
students' perceptions.

m The results of the test and interviews showed that most students have a poor struc-tural
understanding of algebraic expressions and they have understood them mere-ly procedurally. Increasing
academic bases did not almost improve structural under-standing, but procedural understanding improves
with increasing levels.

The results of this study showed that most students in algebraic expressions (sim-ple and
complex) have a purely procedural understanding, which means that they have understood algebraic
expressions as a set of algorithms and processes. As it turned out from the interviews, these people, when
it is necessary to perform an operation on the algebraic expression and consider the algebraic expression as
a whole, only memorize the steps as a parrot because they have no understanding of the whole structure
of the algebraic expression; and they focus only on the steps within an algebraic expression. In complex
algebraic expressions, compared to sim-ple algebraic expressions, the percentage of students who had a
purely procedural understanding was reduced. The results of interviews with a number of students showed
that this decrease was not due to an increase in students' structural under-standing, but for reasons such as
ignoring the distributive action, not understanding algebraic expressions, not understanding the process in
complex algebraic expres-sions.
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Table 1: Operational and structural conception

Operational
conception

Structural conception

General characteristic

Internal
representations
Its place in concept
development

Its role in cognitive
processes

entity Amathematical
is conceived as a
product of a certain
process or is identified
with the process itself
Is supported by verbal
representations
Develops at the first
stages of concept
formation
Is necessary, but not
sufficient, for effective
problem- solving&
learning

A mathematical entity

is conceived as a atatic

structure- as if it was a
real object

Is supported by visual
imagery
Evolves from the
operational conception

Facilitates all the
cognitive
process(learning
problem- solving)
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Table 2: Percentages of 7, 8" and 9" students’ answers to task 1of algebraic
expression test

Option 1 Option 2 Option 3 Option 4
7th grade 5% 39% 17% 17%
8th grade 4% 52% 9% 26%
9th grade 2% 57% 10% 19%
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Table 3: Observed and expected frequency and residuals of 7" grade students,

task 1
Options Expected Observed Residual
frequency frequency
1 28 6 -22
2 28 56 28
3 28 25 -3
4 28 25 -3
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Table 4: Chi-square test for 7*" grade students’ answers, task 1

Value
Chi- square 45,000
Df 3
Sig 0,000
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Fig. 3: Examples of students’ reasons for choosing option 2
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Table 8: Chi-square test for 9t grade students’ answers, task 1

Value

Chi- square 81,000
Df 3

Sig 0,000
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Table 9: Percentage of 7, 8" and 9" students’ answers to task 2of algebraic
expression test

Option 1 Option 2 Option 3 Option 4
7th grade 9% 34% 14% 9%
8h grade 19% 28% 12% 19%
9th grade 13% 23% 23% 19%
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Fig. 5: Frequency percentage of 7, 8" and 9" students’ answers to task 2 of
algebraic expression test
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Table 5: Observed and expected frequency and residuals of 8" grade students,

task 1
Options Expected Observed Residual
frequency frequency
1 34 7 -27
2 34 77 43
3 34 14 -20
4 34 38 4
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Table 6: Chi-square test for 8t" grade students’ answers, task 1

Value

Chi- square 88,059
Df 3

Sig 0,000
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Table 7: Observed and expected frequency and residuals of 9" grade students,

task 1
Options Expected Observed Residual
frequency frequency
1 23 3 -20
2 23 60 36
3 23 11 -12
4 23 20 -3
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Table 12: Observed and expected frequency and residuals of 8" grade students,

task2
Options Expected Observed Residual
frequency frequency
1 29 27 -2
2 29 43 13
3 29 19 -10
4 29 29 0
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Table 13: Chi-square test for 8" grade students’ answers, task 2

Value
Chi- square 10,000
Df 3
Sig 0,017
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Table 14: Observed and expected frequency and residuals of 9" grade students,

task 2
Options Expected Observed Residual
frequency frequency
1 20 13 -7
2 20 25 4
3 20 24 3
4 20 21 0
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Fig. 6: Example of students’ reason for choosing option 3
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Table 10: Observed and expected frequency and residuals of 7*" grade students,

task 2
Options Expected Observed Residual
frequency frequency
1 23 12 -11
2 23 49 25
3 23 21 -2
4 23 13 -10
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Table 11: Chi-square test for 7" grade students’ answers, task 2

Value
Chi- square 37,000
Df 3
Sig 0,000
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Table 15: Chi-square test for 9" grade students’ answers, task 2

Value

Chi- square 4,000
Df 3

Sig 0,000
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